Hypothesis: A variety of major complications occur after intra-abdominal operations. Knowledge of when specific complications occur during the postoperative period would be useful in their diagnosis, prevention, and management. Our aim was to determine the incidence of major complications during specific postoperative intervals.
Conclusions:
While major complications occur throughout the postoperative period, the highest incidence is 1 through 3 days after the operation. However, specific complications occur in the following distinct temporal patterns: early postoperative, several days after the operation, throughout the postoperative period, and in the late postoperative period. Knowledge of these patterns should aid clinical management.
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A VARIETY of major complications occur after intraabdominal operations. [1] [2] [3] [4] These events prolong the patient's length of stay in the hospital, consume greater health care resources, and may lead to the patient's death. The risk of postoperative complications is influenced by preoperative factors, intraoperative events, and postoperative aspects of care. Thus, strategies for improving surgical outcome include optimizing the preoperative status of the patient, avoiding adverse intraoperative events, and instituting interventions to prevent postoperative complications. Detecting adverse events early in their course and treating them with effective therapies will also improve patient outcome.
Knowledge of when specific complications occur throughout the postoperative period would be useful in their diagnosis, prevention, and management. More intense surveillance might be carried out at specific times to promote earlier detection. Preventive strategies could become more focused. Finally, the temporal occurrence of a complication might have causative and therapeutic implications. The aim of this study was to determine the incidence of major complications during specific postoperative intervals.
METHODS

PATIENTS
One thousand twenty-one patients undergoing intra-abdominal operations were studied prospectively during the postoperative period as part of a randomized clinical trial of 15 Veterans Affairs medical centers. 5 Patients included men older than 21 years who were categorized as American Society of Anesthesiologists (ASA) classification III (ie, a patient with severe systemic diseaselimiting but not incapacitating activity) or IV (ie, a patient with incapacitating systemic disease) preoperatively and who required hospitalization postoperatively. 6 Patients were excluded from the study if they required emergent procedures, had a documented myocardial infarction (MI) in the past 6 months, had an abdominal procedure within the past 3 months, were receiving chemotherapy or immunosuppressive therapy, had a tracheostomy, or endotracheal intubation.
This was a cooperative trial from 15 Veterans Affairs medical centers. The study protocol was approved by the Veterans Affairs Cooperative Studies Program and local institutional review boards in the participating medical centers. Patients gave informed consent before their enrollment in the study. The members of the study group who participated in the study have been described elsewhere.
5
MAJOR COMPLICATIONS
The following 13 defined major complications were sought at specific intervals: less than 1, 1 through 3, 4 through 7, and 8 through 30 days after the operation. These 13 major complications were defined as follows.
1. New MI: An increase in the serum concentration of the myocardial-specific isoenzyme fractions of creatine kinase MB fraction (CK-MB) and lactic dehydrogenase as evidenced by a CK-MB/creatine kinase ratio being 5% or more and/or the following electrocardiographic changes: a typical new persistent elevation/depression of the ST segment and/or a new Q wave of greater than 0.04 seconds in duration with its depth more than 25% of the amplitude of the succeeding R wave in limb leads, or any new Q wave in V 1 through V 3 .
2. Newly Developed or Significantly Worsened Congestive Heart Failure: Dyspnea, basilar rales on lung auscultation and/or an S 3 gallop, and confirmation by radiographic changes of pulmonary congestion and/or a pulmonary capillary wedge pressure greater than 20 mm Hg, that requires pharmacologic therapy (ie, digitalis, diuretic agents, and others).
3. Severe Hypotension (Including Cardiac Arrest): Mean arterial pressure less than 50 mm Hg, signs of cerebral hypoperfusion or a cardiac index of less than 2.0 L/min per square meter for longer than 10 minutes that requires pharmacologic treatment and/or resuscitation.
4. Arrhythmia: Ventricular tachycardia that lasts longer than 30 seconds and requires pharmacologic therapy. Atrioventricular block that requires placement of a pace maker.
5. New Angina Pectoris: A typical chest pain that physicians caring for the patient felt to represent new angina, requiring pharmacologic therapy.
6. Respiratory Failure: The need for intubation and mechanical ventilatory assistance for more than 24 hours postoperatively or the need for reintubation and mechanical ventilatory assistance after 1 hour postoperatively.
7. Pneumonia: The presence of a new infiltrate seen on the chest radiograph, plus 2 of the following 3 clinical findings: a temperature higher than 38°C, an abnormal elevation of the white blood cell count, or a pathogen identified in the sputum by gram stain and culture that requires intravenous antibiotic treatment.
8. Respiratory Depression (Including Arrest): A new postoperative respiratory depression with a PaCO, of greater than 60 mm Hg that physicians caring for the patient felt was associated with an administration of postoperative narcotic, requiring pharmacologic (naloxone hydrochloride) treatment or intubation.
9. Pulmonary Embolism: An acute onset of dyspnea and tachypnea, hypotension, and increased central venous pressure, positive ventilation-perfusion scan and/or pulmonary angiogram (if performed), requiring medical treatment. 10 . Sepsis: The presence of a localized infection together with a postive blood culture for the same pathogen plus clinical evidence of bacteremia with chills, rigors, fever, and an elevated white blood cell count, requiring intravenous antibiotic treatment.
11. Renal Failure: A serum creatinine level greater than 3.0 mg/dL (265 µmol/L) and doubling of baseline value, or the need for dialysis.
12. New Cerebral Hypoxia, Thrombosis, or Intracranial Hemorrhage: The occurrence of new neurologic dysfunction (hemiplegia, hemianesthesia, hemianopia, aphasia, or unconsciousness).
13. Gastrointestinal Bleeding: The sudden appearance of frank blood either on nasogastric lavage or by rectum, with a subsequent decrease in the hemoglobin level of 2 g/dL or greater, with no other known or suspected source on ongoing blood loss.
PROCEDURES
Operations included open intra-abdominal aortic, gastric, biliary, and colonic procedures. All patients received general anesthesia with isoflurane and/or fentanyl citrate with endotracheal intubation. Vecuronium bromide was used for muscle relaxation as necessary. Postoperative pain management was via intermittent parenteral narcotics, epidural morphine, or both. By design half of the patients received supplemental epidural anesthesia and analgesia. Other aspects of anesthetic care were as described previously. 5 All patients received prophylactic antibiotics before the operation and for 24 hours postoperatively. Patients undergoing colon procedures had their bowel cleansed mechanically and received either oral or parenteral antibiotics. Other aspects of surgical care were at the discretion of the surgeon.
Patients had a 12-lead electrocardiogram done routinely on the first and third postoperative days. Total serum creatine phosphokinase levels and MB isoenzymes were measured every 12 hours for 3 days after the operation. Other diagnostic tests and procedures were obtained as determined by the clinicians involved.
We used the contingency table method to test for significant differences in the proportion of patients in the different groups. Statistical significance was set at PϽ.05, 2-tailed.
RESULTS
The study included 1021 men with an mean (SD) age of 67 (9) years. Operations performed included colonic (n=399), aortic (n=374), biliary (n=98), gastric (n=77), and other intra-abdominal (n=36) procedures. Thirtyseven patients did not undergo an operation. Nine hundred thirty-one patients were classified as being ASA III and 89 as ASA IV. Goldman risk index was 0 to 5 in 496 patients, 6 to 12 in 446 patients, and 13 to 26 in 79 patients. Preoperative medical characteristics are given in Table 1 . Patients undergoing aortic procedures were similar to those having nonaortic procedures for age (mean [SD] age, 67 [8] vs 67 [9] years) and ASA classification (90% vs 92% ASA III). Patients with aortic conditions were more likely to be hypertensive, have chronic obstructive pulmonary disease, and be smokers but were less likely to have diabetes mellitus but to have a history of alcoholism than patients without aortic conditions (Table 1) .
Four hundred thirty-five major complications were diagnosed within 30 days of operation ( Table 2 . Two hundred two (20%) of 1021 patients experienced 1 or more complications. Pulmonary complications occurred in 21% of the patients, cardiac complications occurred in 13%, and other complications occurred in 9% for an overall incidence of 42%. Respiratory failure was the single most frequent complication, occurring in 123 patients (12%). Patients with aortic conditions had a significantly higher incidence of complications compared with patients who did not have aortic conditions (Table  2) . Hypotension, respiratory failure, and congestive heart failure were more frequent in patients with aortic conditions. Overall, 60% of the complications occurred during the first 3 days after the operation.
There were specific temporal patterns related to the different complications ( Table 3) . The greatest risk of hypotension (43%), MI (47%), and respiratory depression (55%) was within 1 day. The highest incidence of respiratory failure (76%), pulmonary embolus (50%), and congestive heart failure (CHF) (46%) occurred between 1 and 3 days. Pneumonia (38%) was more common between 4 and 7 days. Sepsis (71%) and cerebrovascular accident (CVA) (53%) occurred preponderantly between 8 and 30 days. Angina was diagnosed throughout the first 7 days. Renal failure had a bimodal distribution with increased frequency between 1 and 3 days (31%) and 8 and 30 days (56%). The risk of cardiac arrhythmia and gastrointestinal tract bleeding was similar throughout all intervals. These patterns were similar for aortic and nonaortic procedures ( Table 4) .
Overall there were 37 deaths (4%) in the first 30 days after the operation. Eleven (30%) were related to cardiac events. Both diagnosed pulmonary emboli were fatal. Other deaths were related to sepsis, hemorrhage, respiratory failure, or other causes. There were 9 deaths (2%) in patients with aortic conditions and 28 deaths (4%) in patients with nonaortic conditions. Overall 3 deaths (8%) occurred within 1 day, 3 (8%) between 1 and 3 days, 4 (11%) between 4 and 7 days, and 27 (73%) between 8 and 30 days. Deaths were significantly more likely to occur within the first 7 days in patients with aortic conditions compared with those who had nonaortic conditions (55% vs 18%, PϽ.02). Six (75%) of 8 deaths in the aortic group were related to cardiac events compared with 5 (17%) of 29 deaths that occurred after nonaortic procedures (PϽ.001).
Reoperation for complications was required in 71 (7%) of 1021 patients. Reoperation was more likely in patients undergoing aortic compared with nonaortic procedures (9% vs 6%, PϽ.001). These procedures were primarily for vascular occlusion, intra-abdominal infections, and intra-abdominal hemorrhage. Forty-seven percent of these procedures were undertaken more than 7 days after the index operation. This finding was similar in both groups of patients with aortic and nonaortic conditions (44% and 49%, respectively). However, patients with aortic conditions were more likely to undergo reoperations within the first 24 hours (35% vs 14%, PϽ.02).
COMMENT
Our patient population had an overall major complication rate of 42% and mortality rate of 4% within the first 30 days of operation. There are several potential explanations for this significant incidence of adverse events. The reported incidence of postoperative complications is influenced by the preoperative status of the patient, operation performed, which complications are identified, and criteria for diagnosis. This was a group of highrisk patients, having an ASA classification of III or IV, and thus were known to be at high risk for postoperative complications. 6 The patients studied were primarily older men undergoing major intra-abdominal pro- cedures. We included only certain major, primarily extraabdominal complications. Fairly strict criteria were used, however. For example, respiratory depression was defined as a PaCO 2 exceeding 60 mm Hg that required treatment, a situation which might not be included as a complication in many studies. Routine monitoring using an electrocardiogram and cardiac enzyme levels would detect more instances of myocardial ischemia. Conversely, these were elective procedures in patients without recent known MI, operation, or immunosuppressive therapy. Finally, different anesthetic and analgesic techniques were used as part of the main randomized study. 5 While the use of epidural anesthesia and analgesia did not improve outcome in the group as a whole, outcome was improved in patients with vascular conditions. However, our scheme of adaptive randomization would have controlled for this factor in this study. Thus, several aspects of the study design might have influenced the incidence and timing of postoperative complications.
The overall incidence of significant cardiac events diagnosed in the present study was 13%. More than two thirds of our patients had preoperative characteristics of previous cardiac disease or risk factors. This incidence is similar to other reports in high-risk patients. [7] [8] For example, Mangano et al 7 reported that 18% of high-risk patients undergoing noncardiac surgery had cardiac events. Our postoperative protocol focused primarily on ischemic events and only severe arrhythmias were included.
Myocardial infarction was the most frequent cardiac complication and was diagnosed in 45 patients (4%). Almost half occurred within the first 24 hours and 85% within 72 hours of operation. This high early incidence may, in part, be because of our monitoring protocol. Patients were routinely studied using electrocardiographic monitoring and cardiac enzyme levels during this period, whereas only symptomatic MI was diagnosed later. Gedebou et al 9 found that 56% of perioperative MI occurred within 24 hours; Von Knorring 10 similarly reported that 85% of MI occurred within 72 hours. Mangano et al 7 found that half of the ischemic complications occurred by the third postoperative day and further observed that MI in the early postoperative period was more likely to be fatal. Furthermore, Charlson et al 11 used electrocardiographic and creatine phosphokinase level monitoring for 7 days and found a similar incidence of MI. New-onset angina was diagnosed in only 5 patients (1%). The incidence of these complications will depend on how they are defined and diagnosed. Since many MIs are asymptomatic and potentially lethal in the early postoperative period, high-risk patients should be monitored closely during this period. 7 The benefit of perioperative ␤-blockers to reduce ischemic events has been clearly established after our study was designed and implemented. 12 The use of these agents was not routine and was not monitored during the study. Thus, this might have further potential therapeutic advantage.
Congestive heart failure was diagnosed in 35 patients (3%) in the present study, Charlson et al 8 reported an incidence of 6% using diagnostic criteria similar to ours. Whereas they found that 40% of the patients had CHF diagnosed on the first day and 100% within 3 days, we found that 63% of patients had CHF diagnosed within 3 days but that patients remained at risk up to 30 days after the operation. Mangano et al 7 also found that half of the patients developing CHF presented after 3 days. Both preexisting cardiac disease and perioperative fluid management are important risk factors contributing to CHF. 8 These findings suggest that high-risk patients should be monitored most closely in the early postoperative period. As noted previously, central venous pressure was measured in 56% and Swann-Ganz catheters were used in 41% of patients overall in the present study. 5 However, routine use of Swann-Ganz catheters in particular does not clearly improve perioperative outcome. 13 Cardiac arrhythmia (ventricular tachycardia and aterioventricular block requiring pacemaker therapy) occurred in 21 (2%) of our patients. Two thirds occurred during the first 3 days, but these events occurred through- 7 found that ventricular tachycardia was their most frequent cardiac complication and that most of these occurred within 3 days. We did not record other arrhythmias, but Valentine et al 14 found that atrial fibrillation occurred frequently (10%) during the first few days after aortic procedures. This increased rate of arrhythmias early postoperatively may be related to hypoxia, fluid balance, and myocardial ischemia during this period. 15 Cardiac monitoring and optimization of these factors should, therefore, be carried out in the early postoperative period in patients at risk for ventricular arrhythmia. The value of routine supplemental oxygen to prevent hypoxia, for example, might merit further investigation.
Overall, respiratory complications occurred in 20% of our patients. Similarly, Velanovich 3 reported a 15% incidence of respiratory complications in 520 patients undergoing elective procedures. The incidence varies widely, however, depending on the operation performed and how the complications are defined. While atelectasis is a frequently diagnosed complication, it was not included as such in our study. 16, 17 Our focus was primarily on major respiratory complications.
Respiratory failure was the most frequently diagnosed pulmonary complication in our study. This occurred most frequently between 1 and 3 days after the operation and was primarily diagnosed because of the need for prolonged mechanical ventilatory assistance. Respiratory depression occurred more frequently within 24 hours of the operation. This may have been related to increased use of analgesics during the immediate postoperative period. We found in the main randomized study that epidural analgesia significantly reduced the incidence of respiratory failure in patients with aortic conditions (PϽ.01) and had a tendency to do so in the overall group (P=.06). 5 Postoperative pneumonia occurred in 7% of our patients. The incidence of postoperative pneumonia varies from 2% to 18% in other articles. [17] [18] [19] [20] Multiple factors seem to be involved, including aspiration, prolonged atelectasis, preoperative pulmonary status, and the need for mechanical ventilatory assistance. [16] [17] [18] [19] [20] Pneumonia was diag- nosed throughout the postoperative period in our study. Using diagnostic criteria similar to ours, Ephgrave et al 19 found pneumonia occurring in 5% of patients at 1 day, 12% between 1 and 3 days, 41% between 4 and 7days, and 31% between 8 and 30 days. Several strategies should be considered to reduce this complication. Techniques to improve pulmonary hygiene, such as deep breathing, coughing, and forced expiration, seem to reduce the incidence of pneumonia and atelectasis. 16 The benefit of improved analgesia on this complication is less clear. 5, 17 Renal failure occurred in 16 patients (2%) and had a bimodal distribution with 44% occurring within 3 days and the other 56% 7 days after the operation. Charlson et al 21 found that 23% of their patients had a 20% increase in their serum creatinine levels within 7 days and that most developed impaired renal function within the first 24 hours. However, we used stricter criteria to diagnose renal failure in our study. Renal failure in the early postoperative period is usually due to either prerenal or postrenal factors. The later occurrence may reflect intrinsic renal damage caused by the toxic effects of a drug. Renal failure is an important predictor of postoperative mortality. 4 Since the diagnosis is generally straightforward, emphasis should be placed on prevention during the postoperative period.
We found a 4% mortality rate within 30 days of operation. About 75% of the deaths occurred beyond the first postoperative week. Browner et al 4 found that about 50% of the postoperative deaths occurred more than 3 weeks after the operation. Thirty percent of our deaths were cardiac related. Browner et al 4 found that only one fourth of the deaths in their study were related to cardiac events even in patients at high risk for cardiac complications. In both our study and theirs, sepsis and other organ failure were important determinants of postoperative death. Most of the suggested strategies to prevent complications use interventions in the immediate postoperative period. Whether such interventions would reduce the mortality, particularly those occurring later in the postoperative period, remains speculative and requires further investigation.
Reoperation for complications was required in 7% of the cases. This incidence is similar to that reported by others. [22] [23] [24] Such procedures were primarily required for intra-abdominal complications such as hemorrhage and infection rather than for the other extra-abdominal complications. Half of our reoperations were performed more than 7 days after the operation. Harbrecht et al 22 found that relaparotomy was performed within the first week for hemorrhage and dehiscence and later for other causes such as infection, obstruction, and ischemia. Relaparotomy is associated with a 50% mortality rate. [22] [23] [24] We compared patients undergoing aortic procedures with those undergoing nonaortic procedures to determine whether the type of operation might influence the temporal patterns of complications. Aortic procedures were associated with a higher incidence of complications and death. Deaths were more likely to occur within the first postoperative week in patients undergoing an aortic procedure, as was the need for reoperation. However, the temporal patterns of occurrence of specific complications was similar in both groups.
While major complications occur throughout the postoperative period, the greatest incidence is 1 to 3 days after the operation. However, specific complications have different temporal patterns of occurrence: early postoperative, several days after the operation, throughout the postoperative period, and in the late postoperative period. Knowledge and appreciation of these patterns will enhance clinical management and should form the basis for future interventional trials.
Accepted for publication February 8, 2002 risk of silent MIs early postoperatively. I suspect if you are just identifying the symptomatic ones, they may occur later in the postoperative period than the group that we saw here.
Dr Pickleman asked the question about PE. I am as surprised as you are at the very low incidence. The criteria for diagnosing PE were clinical symptoms confirmed by a VQ [ventilation perfusion] scan or an arteriogram. So the criteria were fairly standard, but we did not perform aggressive surveillance in terms of ultrasonography. I suspect we missed many asymptomatic events. We did not routinely look for deep venous thrombosis in this study and so likewise we are not aware of that incidence.
It is an interesting question, should we have subdivided the gastrointestinal tract procedures out separately? I did not do that. The numbers start getting small as you see when you talk about the biliary procedures and the gastric procedures. My impression is that we would not see large differences between those groups.
As noted, the study was designed so that half of the patients would have supplemental epidural anesthesia and analgesia. We used a form of adaptive randomization in the original study so that within these groups half of the patients with aortic conditions would have been randomized to epidural anesthesia and half of the patients with colonic conditions, and so forth. Thus, the influence of that factor would have been equalized.
In the main paper we found disappointingly that the use of epidural anesthesia, if we combined all of these patients, did not have a major influence overall on the complication rate or death rate that we had speculated that it would. It would be interesting to know if epidural anesthesia changes the temporal occurrence of these complications.
What plan does this lead us to? The message is, particularly when you are looking at these different cardiac events, that you have to monitor these patients aggressively coming right out of the operating room. There was a question Dr Thirlby raised about the timing and occurrence in the operating room. There have been several good studies in the literature looking at the timing of cardiac events perioperatively. The postoperative ones probably only account for about 40% of the events. Many of them, particularly arrhythmias, occur in the operating room.
The other interesting implication of this, if you look at the bimodal distribution in the patients with renal failure, is a causative one. Most of us would feel that early-onset renal failure is probablyrelatedtoprerenalfactors,andperhapspostrenalfactors,whereas the late occurrence could be intrinsic, for example, due to druginduced toxic reactions. This information could help influence how you approached those problems.
Dr Dayton asked about whether the sepsis category included problems such as wound infections. It did not. By definition to be in the sepsis category you had to have a clinical picture of sepsis with positive blood cultures as well as another infection. Again, one of the limitations about designing a big trial like this is you can think of all kinds of questions you would have like to have asked or have answered, but to get the main study done required trimming back many of the aspects that we would like to have studied.
Dr Jurkovich we did not look at urinary tract infections and wound infections for that same reason.
Dr Landercasper asked about whether the incidence of these complications changed over time. We looked carefully at occurrence among the different medical centers and did not find a change. Of course, in this study we were blinded to the outcome. Thus, other than the benefit of the fact that we were looking for these things, we had no knowledge of how we were doing which might have changed our patterns at that time.
